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A s the aging population has grown in recent years, the prevalence of lumbar spinal canal stenosis (LCS) and other degenerative spinal diseases has also increased. Lumbar canal stenosis causes low-back pain (LBP), leg pain, neurogenic intermittent claudication, and bladder and rectal disorders, all of which affect health-related quality of life (HRQOL). Lumbar decompression surgery, one of the most common surgical treatments for LCS, usually improves neurogenic claudication, leg pain, and, eventually, HRQOL.
Sagittal spinal alignment is an important factor in managing lumbar degenerative diseases and LBP. 2, 11, 12, 25 Several studies have shown the importance of sagittal spinopelvic alignment for maintaining balanced posture, both in the normal population and in patients with global sagittal imbalance. However, the impact of preoperative sagittal spinopelvic malalignment on clinical outcomes after lumbar decompression surgery for LCS without coronal imbalance has not been clarified. Moreover, quantitative changes in sagittal spinal alignment after decompression surgery for LCS and how those changes relate to clinical outcome have not been reported. This study was conducted to analyze posture before and after decompression surgery for degenerative LCS, to evaluate the influence of spinal alignment on the improvement of clinical symptoms, and to clarify the impact of residual sagittal malalignment on clinical outcomes after decompression surgery.
methods

Study design
We retrospectively reviewed medical records from patients who had undergone elective lumbar spinous process-splitting laminectomy to treat LCS in the period from 2009 through 2011. This procedure was performed as described elsewhere. 27 For each patient, the levels to be decompressed were determined based on neurological examination and preoperative MRI and myelography. Six spine surgeons with more than 15 years' experience in spine surgery performed the procedure in the patients in this study. All operative procedures were standardized among the surgeons. Postoperative care was standardized for all patients, who were allowed to sit up and walk without lumbar support on the 1st postoperative day. After the drain tube was removed on the 2nd postoperative day, walking exercises and muscle training on the lower extremities were started.
Patients were eligible for inclusion in the study if they 1) had complained of leg pain, leg numbness, and neurological claudication before the operation; 2) had been followed up for at least 1 year; 3) had 3 or fewer decompression levels; 4) had slippage ≤ 25% on a flexion lateral radiograph; and 5) had not sustained a vertebral fracture during the follow-up period. We excluded patients with 1) only LBP from sagittal imbalance, 2) preoperative degenerative lumbar scoliosis > 15°, and 3) coronal imbalance of more than 40 mm of the C-7 plumb line deviation from the central sacral vertical line (C7-CSVL) in a whole-spine coronal standing view.
We assessed the following clinical parameters and operative data: patient age, sex, follow-up period, disease duration, segments decompressed, estimated blood loss (EBL), and time in surgery. Neurological status was evaluated prior to surgery and at the final follow-up by using the Japanese Orthopaedic Association (JOA) scoring system (29 possible points). Recovery rate was calculated as (postoperative JOA score -preoperative JOA score)/(29 -preoperative JOA score) × 100 (%). 5 The severity of LBP, leg pain, and leg numbness was evaluated using the visual analog scale (VAS). We also assessed HRQOL outcomes with the Roland-Morris Disability Questionnaire (RMDQ) and the JOA Back Pain Evaluation Questionnaire (JOAB-PEQ). 8 
radiological parameters
All patients underwent full-length standing wholespine radiography (posteroanterior and lateral) before surgery and at the final follow-up. As reported previously, 24 we used standard measurements to assess thoracolumbar and lumbar Cobb angles, coronal balance (C7-CSVL), sagittal balance (sagittal vertical axis [SVA]), lumbar lordosis (T12-S1), thoracic kyphosis (T5-12), thoracolumbar kyphosis (T10-L2), pelvic incidence, pelvic tilt, and sacral slope. The first author (T.H), who was not the primary surgeon, conducted the radiological measurements.
Rose et al. defined the ideal sagittal balance as an SVA < 50 mm. 23 Schwab et al. demonstrated an SVA threshold of 47 mm or more for disability. 24 Therefore, we grouped patients according to preoperative SVA values < 50 mm (Group A) or ≥ 50 mm (Group B) and postoperative SVA values < 50 mm (Group C) or ≥ 50 mm (Group D). Radiological parameters, clinical outcomes, and HRQOL outcomes were compared statistically among these groups.
Statistical analysis
Statistical analyses were conducted using chi-square and Student t-tests. A p value < 0.05 indicated statistical significance. Values are expressed as the mean ± standard deviation.
results demographic data
One hundred nine patients, 65 men and 44 women, met the study inclusion criteria. The mean age at the time of surgery was 70.7 years (range 42-89 years), and the mean follow-up was 2.6 years (range 1.0-4.2 years). We first analyzed patients according to preoperative SVA, with 65 patients in Group A (SVA < 50 mm) and 44 in Group B (SVA ≥ 50 mm). The demographic data for these groups are summarized in Table 1 . Groups A and B did not differ significantly in age, sex, duration of follow-up, disease duration, number of decompression segments, EBL, or time in surgery.
preoperative radiological parameters
Preoperative radiological parameters for Groups A and B are summarized in Table 2 . The mean SVA value was 22.8 ± 19.9 mm in Group A and 76.3 ± 29.7 mm in Group B (p < 0.001). Lumbar lordosis, pelvic tilt, and thoracic kyphosis differed significantly between Groups A and B, respectively: -39.8° ± 13.0° versus -26.8° ± 15.5°, p < 0.001; 19.7° ± 8.1° versus 24.2° ± 9.8°, p = 0.015; and 22.1° ± 10.3° versus 17.9° ± 10.8°, p = 0.045. There were no significant differences in other preoperative radiographic parameters between the 2 groups. These findings indicated that patients in Group B (preoperative SVA ≥ 50 mm) had sagittal imbalance with a loss of lumbar lordosis and thoracic kyphosis and with pelvic retroversion.
correlations between preoperative Sagittal balance and clinical outcome Table 3 shows the JOABPEQ scores for Groups A and B in the categories of LBP, lumbar function, walking ability, social-life function, and mental health. On average, both groups improved in every category. There were no statistically significant differences in the JOABPEQ scores between the 2 groups; however, the postoperative LBP score trended toward a low score in Group B, compared with that in Group A (61.5 ± 36.3 vs 75.4 ± 33.0, respectively, p = 0.089).
There were no significant differences between the 2 groups in preoperative or postoperative VAS scores (LBP, leg pain, and leg numbness), RMDQ scores, or JOA scores. Patients in Groups A and B showed similar improvements in these scores (Tables 4 and 5 ). Overall, these results indicated that preoperative sagittal balance did not have any significant impact on clinical or HRQOL outcomes after lumbar decompression surgery for LCS without coronal imbalance.
changes in radiological parameters after decompression Surgery
Changes in radiological parameters for Groups A and B are summarized in Table 6 . In Group B, the mean postoperative SVA decreased significantly from the preoperative value (54.3 ± 39.8 mm vs 76.3 ± 29.7 mm, respectively, p = 0.004; Fig. 1 ). In Group A, the SVA value did not change after surgery (preoperative 22.8 ± 19.9 mm vs postoperative 24.8 ± 38.2 mm, p = 0.703). Moreover, lumbar lordosis and sacral slope increased significantly after surgery in Group B (-26.8° ± 15.5° vs -33.6° ± 14.2°, p = 0.035; and 24.2° ± 9.5° vs 28.3° ± 8.8°, p = 0.041, respectively), while there was no change in the spinopelvic parameters after surgery in Group A. We further analyzed the change in the SVA value in Group B. The mean preoperative SVA value in Group B was 76.3 mm, and we divided the Group B patients into 2 subcategories using an SVA of 80 mm as the cutoff value: 50-80 mm for Group B1 and > 80 mm for Group B2 (Table 7). The SVA values for these groups significantly improved after surgery: The change in SVA value for Group B1 was -18.1 ± 35.9 mm (p = 0.005); for Group B2, -31.2 ± 36.6 mm (p = 0.036). The mean SVA value in Group B1 improved to less than 50 mm after surgery (42.4 ± 32.8 mm). On the other hand, the postoperative SVA value in Group B2 was 82.8 ± 41.6 mm. The patients with severe preoperative sagittal imbalance (SVA > 80 mm) had residual sagittal imbalance after decompression surgery.
correlations between postoperative Sva and clinical outcomes
We next grouped patients by postoperative SVA values < 50 mm (Group C) or ≥ 50 mm (Group D). There were 76 patients in Group C (53 from Group A and 23 from Group B) and 33 patients in Group D (12 from Group A and 21 from Group B). The distribution of patients according to preoperative and postoperative SVA values is outlined in Table 8 . The SVA value decreased to < 50 mm after surgery in 23 patients from Group B (52.3%). On the other hand, 12 patients from Group A (18.5%) had worse SVA values ≥ 50 mm after surgery. The demographic and clinical characteristics of these groups are summarized in Table 9 . Patients in Group D were statistically significantly older than those in Group C (73.3 ± 9.2 years vs 69.5 ± 8.6 years, p = 0.045).
We further analyzed the effect of postoperative sagittal imbalance on clinical and HRQOL outcomes. Patients in Group D had significantly lower preoperative and postoperative JOABPEQ scores in terms of walking ability and social-life function than those in Group C (preoperative walking ability: 22. Tables 11 and 12 ). Moreover, postoperative JOA scores were significantly lower in Group D than in Group C (23.0 ± 4.1 vs 25.2 ± 3.4, p = 0.012). While the JOA score recovery rate did not differ significantly between the 2 groups, patients with postoperative sagittal imbalance (Group D) tended toward a lower recovery rate (59.5% ± 24.5% vs 69.6% ± 27.8%, p = 0.065). These results suggested that residual sagittal malalignment is negatively associated with clinical outcome after lumbar decompression surgery in LCS patients and that a high postoperative SVA is correlated with LBP and HRQOL scores.
discussion
Sagittal spinal alignment is an important factor in the management of lumbar degenerative diseases and LBP. Lumbar decompressive surgery without spinal fusion is the first choice of surgical treatment for degenerative LCS. Sagittal spinopelvic malalignment is a major cause of pain and loss of function associated with adult spinal deformity. 1, 9, 15 Surgical restoration of optimal sagittal alignment is indicated for patients with symptomatic adult spinal deformity and offers superior clinical and radiographic outcomes over those obtained with nonoperative management. 3, 26 However, the impact of sagittal spinopelvic alignment on clinical outcomes after lumbar decompression surgery for LCS without coronal imbalance has not been clarified.
The importance of sagittal plane deformity is well documented, particularly with reference to postsurgical flatback syndrome and posttraumatic kyphosis. 16 Studies have shown that realigning the SVA is critical for optimizing clinical outcomes. High SVA values are correlated with pain, loss of function, and poor HRQOL. 15 The severity of clinical symptoms increases in a linear fashion with progressive sagittal imbalance. 9 Jackson and Hales identified normative values for these radiographic spinopelvic parameters, indicating that the SVA should be < 50 mm. 10 Therefore, we grouped patients according to whether their SVA was < 50 mm or ≥ 50 mm. As described in Results, pelvic retroversion and loss of lumbar lordosis were observed prior to surgery in LCS patients with preoperative sagittal imbalance. Patients with LCS bend forward to gain relief from LBP or related symptoms and thus increase the available space in the lumbar spinal canal. Long periods of forward-bending posture in daily life may lead to reduced strength and degenerative atrophy of the paraspinal muscle. In the present study, preoperative sagittal imbalance was improved after decompression surgery, suggesting that the preoperative posture was reversible and that the lumbar extensor muscles might not have fallen into an irreversible degenerative change before surgery. We noted that the SVA value for Group B, which had more than 50 mm of SVA preoperatively, significantly improved after decompression surgery, whereas the patients with severe preoperative sagittal imbalance (SVA > 80 mm) in Group B had residual postoperative sagittal imbalance (> 50 mm; Tables 6 and 7 ). These results indicated that the sagittal realignment effect of lumbar decompression surgery was limited for the LCS patients with severe preoperative sagittal imbalance. Therefore, we suggest that a preoperative SVA > 80 mm may be one of the predictors of residual sagittal imbalance after lumbar decompression surgery. Twelve (18.5%) of 65 patients in Group A had a postoperative deterioration in SVA to more than 50 mm. Although we tried to analyze the risk factor for postoperative deterioration in SVA (from Group A to Group D), we could not clarify the risk factor for after decompression surgery. Therefore, we need further studies with larger sample sizes, which may bring novel and interesting findings. Several studies have reported relationships between LBP and radiological abnormalities in the lumbar spine. In a cross-sectional study, Kellgren and Lawrence found an association between radiological changes and past LBP. 13 On the other hand, Frymoyer et al. reported that single disc-space narrowing and vertebral osteophytes were equally prevalent in symptomatic and asymptomatic men. 7 Lundin et al. found no correlation between LBP and any specific radiological abnormalities. 18 Thus, relationships between LBP and radiological abnormalities in the lumbar spine have been a matter of debate. However, authors of recent large-scale epidemiological studies have reported that lumbar degenerative changes are the main risk factors for LBP, 4, 17 although these studies focused only on local degenerative changes. We investigated global radiological findings of the spine and demonstrated that preoperative sagittal imbalance in LCS patients without coronal imbal- Patient-reported outcome questionnaires have become the standard measure of therapeutic effectiveness following spine surgery. The problem with these questionnaires is that their numerical scores lack a direct, clinically significant meaning.
14 Because of this, the concept of a minimum clinically important difference (MCID) has recently been put forth as a measure of the clinical threshold needed to achieve treatment effectiveness. Roland and Fairbank suggested 2 points as the MCID for the RMDQ. 22 In the present study, 52 (68.4%) of 76 patients in Group C and 19 (57.6%) of 33 patients in Group D met this threshold. Parker et al. and Copay et al. reported 2 points as the MCID for VAS LBP. In our study, 41 (53.9%) of 76 patients in Group C and 15 (45.4%) of 33 patients in Group D met this threshold. 6, [19] [20] [21] The number of patients who met the MCID for these instruments was greater in Group C than in Group D; however, there were no significant differences between the 2 groups. We could not assess how many patients met the MCID for the JOABPEQ in the 2 groups because no studies have assessed the MCID for the JOABPEQ in the lumbar degenerative diseases.
In our study, we assessed clinical outcome and radiological parameters in the preoperative and final followup periods. The final follow-up was performed at least 1 year postoperatively (range 1.0-4.2 years), and the mean follow-up period was 2.6 years. Therefore, we need further studies with longer follow-ups to clarify the impact of decompression surgery on changes in sagittal spinopelvic alignment, clinical outcome, and HRQOL scores. Data in the present study indicated that clinical and HRQOL outcomes after decompression surgery for LCS were not associated with preoperative sagittal alignment; however, patients with an SVA < 50 mm at the final follow-up had significantly less LBP and disability than those with a postoperative SVA ≥ 50 mm. Postoperative residual sagittal imbalance (postoperative SVA ≥ 50 mm) in LCS patients without coronal imbalance was strongly correlated with LBP at the final follow-up as well as with losses in walking ability and in the social function score at the final follow-up. Our results are consistent with previous reports that postoperative radiological parameters, including SVA, are strongly correlated with HRQOL scores in patients with adult spinal deformity. 15, 24 Although the SVA value in patients with severe preoperative sagittal imbalance (> 80 mm) improved after decompression surgery, there was residual sagittal imbalance at the final follow-up. Therefore, we speculate that LCS patients with severe preoperative imbalance require decompression surgery with corrective fusion to restore their global spinal sagittal alignment.
This study has several limitations. First, it was a small retrospective case series with a short-term follow-up. A prospective study with a larger sample size and longer follow-up should be conducted to confirm our findings. Second, patients with severe LBP due to sagittal imbalance, who would require correction and fusion surgery, were excluded from this study, and we were unable to clarify precise cutoffs for an acceptable preoperative SVA and residual postoperative SVA in the LCS patients.
conclusions
This study demonstrated that preoperative sagittal balance was not significantly correlated with clinical or HRQOL outcomes after decompression surgery in LCS patients without coronal imbalance. Decompression surgery improved the SVA value in patients with preoperative sagittal imbalance; however, the patients with severe preoperative sagittal imbalance had residual imbalance after decompression surgery. Postoperative residual sagittal imbalance had a negative impact on clinical and HRQOL outcomes after surgery in LCS patients without coronal imbalance. 
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